We have performed the first strong-field ionization experiment in atomic hydrogen using few-cycle laser pulses. Quantitative agreement between experimental data and advanced ab initio simulations has been achieved at the 10% level.
Summary:
We have performed the first strong-field ionization experiment in atomic hydrogen using few-cycle laser pulses. Quantitative agreement between experimental data and advanced ab initio simulations has been achieved at the 10% level.
The interaction of intense few-cycle light pulses with matter has given rise to a number of high-field physical processes that are of great interest in atomic physics. Such pulses have been used to both reveal structure and control the dynamics of atoms [1, 2] , molecules [3, 4] and solids [5] . The complex, highly nonlinear dynamics that occur in the regime of few-cycle laser pulses necessitate accurate theoretical simulations in order to retrieve useful physical measurements and provide a sensible physical interpretation of the experimental data.
However, theoretical simulations in this parameter regime can prove particularly challenging as an ejected photoelectron can travel a distance hundreds of times larger than the size of its parent atom when driven by intense long-wavelength radiation. In an effort to consolidate the link between experiment and theory, we have investigated above-threshold ionization (ATI) of the hydrogen (H) atom, an element that has been traditionally the test case for atomic physics due to the simplicity of its electronic structure. Ab initio simulations of the few-cycle ATI regime can only be performed with atomic H.
Strong-field ionization experiments involving atomic H have been previously performed in the pursuit of accurate quantitative comparison between simulations and experiment [6, 7] . The laser pulses used in these studies were relatively short-wavelength and comprised of many optical cycles in duration. Agreement with theory was predominately qualitative and at the order-of-magnitude level. Current state-of-the-art ATI studies in rare-gases show, at best, order-of-magnitude level agreement between theory and experiment [8] . We demonstrate the first ATI experiment of atomic hydrogen using few-cycle laser pulses and find excellent agreement between experiment and simulations at the 10% level.
The experimental apparatus consists of a few-cycle strong-field laser interacting with an atomic H beam. The commercial laser system, Femtolaser 'Femtolaser Compact Pro' produces linearly polarized light pulses at a repetition rate of 1 kHz. Each pulse has energy of ~150 ȝJ and duration of ~6.0 fs centered at 800 nm, corresponding to ~2.3 optical cycles. An off-axis parabolic mirror is used to focus the beam to a spot size of ~47 ȝm 1/e 2 radius. The laser intensity is varied between 1 and 6 × 10 14 W.cm -2 using a set of 2 ȝm pellicle beamsplitters, which impart negligible dispersion on to the laser pulses. The atomic H beam is created by collisional dissociation of H 2 into H via a radio frequency discharge powered by a helical resonator. At the interaction region, photoelectrons are ejected along the laser polarization vector and traverse an electrostatic lens assembly that acts to repel low energy electrons. Sufficiently energetic electrons pass the repeller plates and are accelerated to 250 eV before being detected by a channeltron. Post-processing of the channeltron output signal produces the integrated photoelectron yield as a function of the retarding voltage applied to the electrostatic lenses.
The experimental data is obtained by measuring the photoelectron yield over 10000 laser pulses for a range of laser intensities and repeller voltages. This data is then compared to theoretical data simulated from direct integration of the non-relativistic time-dependent Schrödinger equation (TDSE) [9] . The TDSE simulations were implemented in the velocity form of the interaction Hamiltonian and give the momentum-resolved electron probability distributions for a fixed laser peak intensity. Post-processing of the theory was required to model our particular experimental parameters and involved integrating the distributions over the detector acceptance function, the Gaussian laser intensity distribution and the atomic density distribution in the interaction region. All data runs were fit with a weighted least squares fit routine using only two global fit parameters for all 250+ data points, and these fits are shown in Figure 1 . Quantitative agreement at the 10% level is achieved over a wide range of electron energies and laser intensities. A number of other investigations involving strong-field ionization of hydrogen using few-cycle pulses are also currently underway. Angle-resolved integrated photoelectron spectra are obtainable by introducing a half-waveplate into the beam path and measuring the atomic H electron yield as the laser polarization is rotated. Preliminary angleresolved data showing good agreement between theory and experiment is shown in Figure 2 . The theoretical prediction has not been averaged over the Gaussian laser beam profile, possibly accounting for the small discrepancy with experiment. Finally, another interesting parameter that can affect the photoelectron spectrum is that of laser chirp [10] . Variation of the laser chirp is achieved experimentally by the removal or addition of a dispersive medium (typically fused silica) with well-known group velocity dispersion in to the beam path. Preliminary results for the effect of chirp on photoelectron yield are shown in Figure 3 . 
